The objective of the study was evaluation of the relationships between location of scoliosis and postural reactions in girls aged 7-18. The study included 28 girls aged 7-18 with lateral curvature of the spine and scoliotic posture. Selection of the examined girls was targeted. The children were treated in the Inter-School Centre for Corrective and Compensatory Gymnastics in Starachowice. The study was conducted in June 2011. Digital Exhibeon radiograms were applied to determine the location of the curvature. Postural reactions were evaluated using the static-dynamic platform Tecnobody ST 310 Plus Stability System. The variables were verified for normality of the distribution by means of Shapiro-Wilk test. The variability of the quantitative characteristics with respect to categorial characteristics was verified by using one-way and two-way repeated measures ANOVA. In the case of significant main results or interactions, the Bonferroni test and Tukey test were applied as a post hoc analysis. The p values p<0.05 were considered statistically significant. Analysis of variance showed significant relationships between Average Forward-Backward Speed, Perimeter, Ellipse Area in open eyes test (OE), and location of the curvature. The highest amplitudes of the reactions Average Forward-Backward Speer, Perimeter, Ellipse Area in open eyes test (OE) were observed in lumbar curvatures. In examination with eyes closed (CE), a correlation was found between the location of the curvature and Forward-Backward Standard Deviation, Average Forward-Backward Speer, and Perimeter. The highest amplitudes of reactions Average Forward-Backward Speer, Perimeter, Ellipse Area in eyes closed test (CE) were noted also in lumbar curvatures. The comparative analysis of variance of postural reactions with respect to the location of the secondary curvature showed significant results only for Average Forward-Backward Speed (OE). Average Forward-Backward Speed (OE) was the highest in curvatures with thoracic location.
Introduction
In scoliosis, increasingly more often attention is paid to discrete neurological changes. This unaesthetic, and sometimes simply catastrophic illness which limits fitness, and efficiency of the body is a mechanically and biologically justified reaction to minimal disorders in the CNS. These changes will probably not be determined by the orthopaedists alone, and wide cooperation will be needed with neuropathologists (Głowacki, Kotwicki &Pucher, 2008) . In scoliosis, changes in the bone and muscle tissue are of a secondary character, resulting from the uneven axial loading of the spine. According to the location, five basic types of spinal curvatures are distinguished: cervical-thoracic, thoracic (most often right-sided), thoracic-lumbar, lumbar (most often left-sided), double thoracic and lumbar (most frequently thoracic right-sided, and lumbar left-sided). Primary cervical-thoracic curvatures are the most rarely occurring type of idiopathic scoliosis (approximately 1.5%); however, they lead to severe deformations (Hosseinpour-Feizi et al. 2011; Burwell et al. 2012) . The peak of curvature is most often placed on the level of Th 3 vertebra. Primary thoracic curvatures are most frequent (44%), and are most often directed to the right side (90%). The peak of this curvature is generally placed in the segment Th 7 -Th 9 . Primary thoracic-lumbar curvatures are substantially similar to thoracic curvatures; however, their peak is located lower, on the levels Th 11 -L l . These curvatures cause substantial changes of posture, due to the difficulty in linear compensation and a considerable lateral transposition of the trunk. Primary lumbar curvatures occur in the period of adolescence (Chen & Lerman, 2012; De Sèze & Cugy, 2012) . The peak of this curvature is placed in the segment L 2 -L 3 . The curvature has great possibilities for linear remediation. These curvatures, after the completion of growth, may be the cause of considerable pain complaints. Double thoracic and lumbar curvatures in the thoracic segment are most often directed to the right side. The angle of both curvatures is approximately equal. These curvatures occur in various periods of growth, and the development of the curvature during adolescence substantially improves the prognosis. Double curvatures are generally linearly remedied, which does not result in greater postural disorders. The radiological image is always worse than the clinical changes of the posture (Joo, Rogers & Donohoe, 2012; Michiel et al. 2012; Weiss, 2012) .
Postural reactions are the element of body balance. Balance is a specified state of the postural system which is characterized by an upright orientation of the body, obtained due the compensation of forces exerting an effect on the body and their moments of force. Balance is provided by the nervous system by reflexive flexion of the proper groups of muscles, called postural or antigravity muscles. Analysis of individual postural reactions provides additional information concerning body balance. These are sways of the body in the saggital and frontal planes, i.e. dislocations of centre of feet pressure (COP). Computed posturography creates the possibility of an indirect assessment of the function of the nervous system by the measurement of the centre of pressure (COP) which characterizes the maintenance of balance in an upright position. The dislocations of individual segments of the body observed in scoliosis should, theoretically, affect the character of postural reactions (COP), and vice versa, the disorders of postural reactions may exert an effect on the pathoetiology of scoliosis. In our opinion, the disorders of postural reactions are primary and precede scoliotic changes. The objective of the study was evaluation of the relationships between location of scoliosis and postural reactions in girls aged 7-18.
Methods

Participant (Subject) Characteristics
The study covered 28 girls aged 7-18 with lateral curvature of the spine and scoliotic posture. Selection of the girls was targeted. The children attended the Inter-School Centre for Corrective and Compensatory Gymnastics in Starachowice. The study was carried out in June 2011. The examined girls were divided into 3 age groups: 7-11, 12-14, and 15-18. In the group aged 7-11 there were 8 (28.57%) girls, in the group aged 12-14 -13 (46.43%), and in the group aged 15-18 -7 (25.00%). Anthropometric parameters were determined (Tab. 1). The location of the curvature was determined using the Exhibeon digital radiograms.
Research Design
The radiograms were performed in a free-standing position, in anterior-posterior and lateral projection. X-ray covered lumbar, thoracic and cervical spine, as well as the pelvis with the hip joints. On the X-ray of the spine displayed on the computer screen, the Cobb angle was plotted and location of the curvature. Scoliotic posture 1-9° was distinguished, as well as lateral curvature of the spine ≥10°, thoracic, lumbar, and thoracic and lumbar curvatures. Postural reactions were evaluated using the static-dynamic platform Tecnobody ST 310 Plus Stability System. The selected parameters were statistically analyzed, which registered the sways of the centre of pressure (COP): the perimeter; this is the total path length of the displacement of the COP in both planes during oscillation (mm); Ellipse Area -the total surface covered by the COP displacements in both planes during oscillation (mm 
Measures and Covariates
Persons with postural disorders, as well as those in whom free-standing was disturbed, showed generally higher values of all the above-mentioned parameters. Similarly, higher sways were observed in children. According to the conformity of variables distribution with normal distribution, the values of skewness and curtosis, parametric and non-parametric tests were applied. The variables were verified for the normality of distribution using the Shapiro-Wilk test. For qualitative and discrete variables numerical and percentage distributions were calculated. Variability of quantitative characteristics according to categorical characteristics (age group, study options) were verified by means of one-way or two-way repeated measures ANOVA. In the case of significant main effects or interactions, the Bonferroni test and Tukey test were applied as a post hoc analysis. The p values p<0.05 were considered statistically significant.
Results and Discussion
Primary curvatures included: 10 (36%) thoracic (thoracalis), 6 (21%) lumbar (lumbalis), and 12 (43%). thoracic and lumbar (thoracalis-lumbalis). The location of primary curvature was not related with respondents' age (χ 2 = 7.94; p=0.94 (Tab. 2). In 17 (60.71%) respondents, secondary curvature did not occur. There were 2 (7.14%) secondary thoracic curvatures (thoracalis), 9 (32.14%), lumbar curvatures (lumbalis), whereas no thoracic and lumbar curvatures (thoracali-lumbalis) were found. The location of secondary curvature was also not related with the respondents' age (χ 2 = 7.258875; p=0. 12283) (Tab. 2). Comparative analysis of postural reactions was performed (dependent variables) with respect to the location of primary curvature (independent variable). Postural reactions with eyes open (OE) and with closed eyes (CE) were separately analyzed. The comparative analysis of variance of postural reactions with respect to primary curvature showed significant results for: Average Forward-Backward Speed (OE) (p=0.0037), Perimeter (OE) (p=0.0058), Ellipse Area (OE) (p=0.0356), Forward-Backward Standard Deviation (CE), (p=0.0054), Average Forward-Backward Speed (CE) (p=0.0225), Perimeter (CE) (p=0.0326) (Tab. 2). Post hoc analysis -detailed comparisons showed a significant difference in Average Forward-Backward Speed (OE) between thoracic location (Th) and lumbar location (L) (p=0.0072), and thoracic location (Th) and thoracic and lumbar (p=0.0072) (Tab. 4). Post hoc analysis showed a significant difference in Perimeter (OE) between thoracic location (Th) and lumbar (L) (p=0.0046), and between thoracic location (Th) and thoracic and lumbar location (Th-L) (p=0.0342) (Tab. 4). Post hoc analysis did not show any differences between Ellipse Area (OE) and location of the curvature of the spine (Tab. 4). Post hoc analysis also indicated a significant difference in mas.ccsenet.org
Modern Applied Science Vol. 12, No. 9; Forward-Backward Standard Deviation (CE) between thoracic and lumbar location (Th-L) (p=0.0098) (Tab. 4). Post hoc analysis further showed a significant difference in Average Forward-Backward Speed (OE) between thoracic location (Th) and lumbar location (L) (p=0.0400) (Tab. 4). Post hoc analysis, however, did not show any significant differences between Perimeter (CE) and location of the curvature of the spine (Tab. 4). In recent years, posturographic studies in lateral curvatures of the spine were conducted by, among others, Allard et al. (2004) , Bennett et al. (2004 ), Bruyneel et al. (2010 , Eshraghi et al. (2009) , Lee et al. (2012) , Shi et al. (2011 ), Tao et al. (2012 , Abreu et al. (2012) . In these studies, the researchers confirmed the effect of these disorders on the course of scoliosis. In Poland, this problem was undertaken by, among others, Ostrowska, Rożek-Piechura, and Skolimowski (2006) . The goal of their study was an attempt to use the model of mathematical modelling for the assessment of motor characteristics of children with idiopathic scoliosis while maintaining balance in an upright position in the presence of external interferences. The study was conducted in a group of 42 children aged 13-18 with idiopathic scoliosis, and in a control group of 40 healthy children. Body balance was assessed by the stabilographic method using the force platform recording the COP signal. The mas.ccsenet.org
Modern Applied Science Vol. 12, No. 9; examined persons who stood on the stabilograph were unexpectedly lightly pushed. The result was the mean value from 10 measurements. Motor parameters of the examined persons were determined based on the values of equations coefficients calculated from the model of the balance system applied. Analysis of results showed significant differences in the way of reacting to balance disturbance. Persons with scoliosis were characterized by greater body sways, compared to the healthy individuals. The speed of losing balance after its disturbance in these persons was slower, and depended on the dimension of curvature. The larger the curvature, the lower the process of balance loss, with lower speed and acceleration, and the longer the time needed for stabilization of posture. Upright position in children with idiopathic scoliosis was more susceptible to balance disturbances and characterized by worse stability. The reaction on the part of the nervous system to balance disorder in scoliosis was clearly delayed and characterized by lower impulsiveness. According to Chamela-Bilińska et al. (2005) , any changes in the region of the trunk which impair the functioning of the control or executing systems, are also reflected by postural stability. In her studies, Chamera-Bilińska confirmed that any lateral curvature of the spine creates risk for the stability of the body. For the child's stability, it does not matter at which segment of the spine the curvature is located, nor the side of the curvature of the arch. Children with idiopathic scoliosis are characterized by worse control of body stability, compared to healthy children.
In own studies of 2005, significant differences between girls and boys were observed with respect to the path length, mean loading point Y, lateral speed, anteroposterior speed, and mean sway X. Only the mean loading point Y was significantly higher in girls in both tests (OE, CE). Girls obtained lower amplitudes of the examined parameters in both tests (OE, CE Significant relationships were also found between posture defects in the saggital plane and lateral curvatures of the spine, and anteroposterior speed, the mean loading point Y, the mean sway X and the mean sway Y. lateral curvatures of the spine and defects in the saggital plane are accompanied by a significant increase in the anteroposterior speed (Wilczyński et al. 2018 ).
Significant relationships found between the localization of the curvature of the spine and postural reactions confirm that these curvatures exert a substantial effect on the biochemical and functional balance of the spine and body posture. While selecting methods of treatment of scoliosis the localization of curvatures should be considered, and each case should be individually approached.
Conclusions
Analysis of variance showed significant relationships between Average Forward-Backward Speed, Perimeter, Ellipse Area in open eyes test (OE, and the localization of the curvature. The highest amplitudes of the reactions Average Forward-Backward Speer, Perimeter, Ellipse Area in open eyes test (OE) were observed in lumbar curvatures. In the test with closed eyes (CE) with the localization of the curvature, the reactions Forward-Backward Standard Deviation, Average Forward-Backward Speer, Perimeter were significantly related. The highest amplitudes of reactions Average Forward-Backward Speer, Perimeter, Ellipse Area in closed eyes test (CE) were also observed in lumbar curvatures. Comparative analysis of variance of postural reactions with respect to the localization of the secondary curvature showed significant results only for Average Forward-Backward Speed (OE). Average Forward-Backward Speed (OE) was the highest in curvatures with thoracic localization.
Note 2. In analysis of ariance the symbols mean: SS -sum of square, DF -degree of freedom, MS -mean of squares, Fratio of MS effectu to MS error, p -level of significance.
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